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: The paper' explores .h<7w continuously expanding world 
demand for^food, feed, and fuel is qetj,eratinQ pressure to restructure 
agricultural land use. In addition, problems related to transfer of 
agticultural crop land to energy , cr^p^. are discussed. The technology 
of energy crops h^s developed to the poin+ where .la rge- scale 
.commercial, production of alcohol from high -ylejl ding energy crops 
appew^ to be favorable. As qascllne prices reach $2,00 per gallon-, 
gasahol becoiftGs not only feasible .bu^ profitable, paf%cularly when 
factors such as subsidies and, fcy^prod-uct credit are considered. 
National plans to produce" e?\erqyr crop's have formulat-fed 4n the 

United states. South Africa, NeW Zealand, ahd Australia. Brazil has 
already implemented a larqe scale alcohol fuel program based 
principally on sugar cane. On" the negative side, however;- Brazil "has 
atready felt .the impact of Vapidly Increasing food prices, *he " 
millions who Si^e at the b'ottok of the economic! ladder in Brazil and 
elsewheire, will be increa sir.qly squeezed as the mor€ afflueji^ 
increase their claims to cropland. The*- cqnplu.sicn is that decision 
'makers in develoj)ing and developed nations should car efully assess 
the impact of .energy ci'op- ii^iatives on food prices and availability 
before entouraging widespread conversion of croplan^into energy 
crO'ps. <'DB)^ . > -.JAt ^ 
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^ jk H the eighties begin, world oil production is leveling off. 

Most energy analysts agree that world oil prociuction may 
not increase much more, if at all. Along with this bleak 
A JL proiiuction pro^ipect, there is a growing uncertainty of 
supply: At no time since the w<ir decade of the forties has the poten^ 
tial for the disruption of oil supplies been so great. A world price of 
oil that climbs continually, with no apparent limit in sight, signals a 
fundamental change in the outlook for liquid fuels. • ' 

This changing prospect has triggered an intense international search 
for alternative liquid fuels. Prominent among thest are liquefied coal, 
oil from tar sands and oilyshale, and alcohol that can be protiuced 
>from plant materials. Although there are vasf reserves of coal, tar 
sands, and, oil shale, the develo|:>ment of liquid fuel from coal or of 
\>il f rom these unconventional sources is handjcapped by lack of ex- 
perience. Even undi?r the b^st of circumstances these are unlikely to 
become major sources of liquid fuel before the early nineties. 

It is against this backdrop that many countries are turning t6 alcohol 
dis'tilled from farm commodities .as a source jof fuel for automobiles. 
An alcohol fuel industry has several attractions. Automobile engines 
can readily bum a gasoline/alcohol mixture containing up to 10 per^ 
cent alcohol without any adjustment. The commercial production of 
alcohol for industrial purposes is^already a well-established industry 
and the tech|)ology for converting plant materials into alcohol is 
widely dispersed throughout the world. Lastly, distilleries can be 
built in 6 to 24 months.* 

This combination of advantages has led several cpuntrjes to launch 
agriculturally based alcohol fuel programs. Both Brazil and the United 
Stales have announced major programs to convert agricultural com- 
modities into alcohol. Several other food-exporting countries-such 
as Australia, New i^ealand, and South Africa-are actively consider- 

I ,im Indebted to my colleague P^mfld Sh.iw for her assistance wilh the research and 
an4lytti« underlying this p^per. The jfittue elaborated on in this p4per wa* first dijt. 
ciiMed m RuMrtm^t om Emvty The futun of' the Autotuobile it\ at} Oil-Short World 
(W. W. Norton), a WorldwaJifh book by the author, Christopher Flavin, and Colin 
Norman 



ing tlu^ toiwersion of crops into aUohol for fuel on <i commercial 
scale. ^ • 



This new interest in fuel irfops could he a historic landmark. If more 
and more oil refineries aie replaced by alcohol distilleries, the world 
agricultural economy will be transformed. Although the production 
of industrial crops, such as cotton, is alnu)s( as old a^ agriculture 
itself, it ha6 neyer occupied more than a minute percentage of the 
,'world s cropland. Now. with the intri>i:luction of fuel crops, the pos- 
sibility exists for the first time of a major shift of food production 
capacity to nonfood purposes. The potential demand is virtually 
limitless: even converting the entire world grain crop to alcohol 
would not provide erlough fuel to operate the current wor|d auto- 
mobile fleet. 

The attractions; of <in agricultur'ally based alcohol fuel industry not- 
withstanding, thefe are many problems to be i^onsidered. The in- 
creased production of energy crops will intensify pressures on* the 
'^'^arth's cropland— pressure'ti that are alrejidy excessive in many parfs 
of, the world and that have led to extensive ej^osion and soil deteriora- 
tion. +!ven without the diversion of agriculturaLproduction c^r'pacity^ 
to energy crof^s, efforts to expand world foiKi production have been 
losing momentum for nearly a decade. And although the rate of world 
population growth did slow slightly during the seventies, frdm 1,9 
percent jn 1^70 to 1.7 percent or less in 1979, the absolute increase 
in world population continues at around 70 million per year, steadily 
adding to the number of people to be fed.^ * 

The demand by motorists [or fuel from energy crops represents a 
major new variable in the focKl/population equation. The stage is set 
for direct competition between the affluent minority, v^ho own the 
world s 315 million automobiles, and the poorest segments of hu- 
nuuiity, for whom getting enough food to stay alive is already a strug- 
gle. As wi" price of gasoline rises, so, too, will the profitability of 
energy crops. Over time, an expanding agricultural fuel market will 
mean th«Tt more and more farmers will have a choice of producing 
. fotxl foj people or fuel for auto;iK)biles, They are likely to province 
whichever IS more profitable. 
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The demand by motoritts 
for (uel from energy aops 
represents a major new variable 
in t)ie food/population equation/' 



The Technology and Economics of Energy Crops 

There are e^entially iwo ways lo gel liguid fi^^ls from vegetative 
majter-bv exlracl.ng sap* from f.!anls ihal are naturally high in 
hydrocarbons or by converting plant materials into .Tlcohol AlthoURh 
extensive research ^s under way on plants that will yield a -liquid fuel 
dirvtlv, there are already many, ways to convert plant materials into 
alcohol, principally methanol or ethanot. The conversion oT forest 
products into methanol (wood alcohol) is attractive both betause of 
Its vast potential and because it does i<ot compete for cropland and 
other fot^roducing resources. Methanol's disadvantages are that 
the techflClogy IS- not as well established and that its highly corro- 
sive nature presents- problems With current automobile emiines It is 
the production of ethanol, however- likely to be the leading alterna- 
tive- to gasoline in the eighties-tWit will compete for the world's 
cropland m a major way,^ 

Knowledge of ethariol's potential as-^n automotive fuel is almost as 
old as the automi^bile itself. Henry Vord was an early alcohol fuel 
enthusiast. Indeed, sogie of his early cars had carburetors that could 
be adiiisted to use either gasoline or alcohol. Thomas Edison and 
Alexander Oraham Bell were also strong supporters of alcohol as an 
automotive Kiel. In 1922, Bell declared alcohol to he "a beautifully 
clean and efhcient fuel which can be produced from vegetable maU 
ter . . . waste prwkicts of oi^r farms and even garbage of our cities . 

Ethanol (ethyl alcohol) has been produced as an intoxicant from^ 
fruits and grairu; for many centuries. Produced directly from sugar 
by fermentatwn or from starches and cellulose that are first converted 
to 8ug.u and then fermented, ethanol can be obtained from three 
main categories of crops: sugar crops, such as sugarcane, sugar beets 
and sweet sortthuqv root crops, mainly cassava, which is also known . 
as manioc; and ail the major cereals. 

ji ' 

Giv*n Ihf yariou* .iccfplfd nve«uremenl. for crop yields, commodity prices, .nd ajco-* 

« C^l "Jhiroioer '^'ri?' ^"'^ It' '"'''b ''y*'*-"" of measurement 

S facSai converK ^' -pplicabilily. with frequer,! cro,*-referenCe 



Of all the energy crops, sugarcane produces the highest alcohol-yield 
per hectare. (See Table 1.) Even at th<f relatively low crop yields 
prevailing in Brazil, sugarcane produces /630 liters of alcohol per 
Hectare Compared with only-,2,200 liters per hectare of corn, the 
world's highest yielding cereal. (For comparison purposes, one liter 
equals .26 gallons or roughly one quart; one hectare equals 2.47 
acres.) 

Table 1: Alcohol Yield of Selected Crops, United States*^nd Brazil, 

1977 



Crop 



Crop Yield 



Alcohol Yield 



Per Hectare 


Per Hectare 


. Per A^re 


^netric tons) 


(liters) 


» (gallons) 


54.2 • 


3,630 


388 


46.5 


3,554 . 


381 


5.7 


2', 200 


235 


11.9 


2,137 


228 


3.5 


1,362 


146 


2.1 


773 


* 83 



Sugarcane (Brazil) 
Sweet Sorghum (US) 
Corn (US) 
Cassava (Brazil) 
Grain Sorghum (US) 
Wheat (US) 



Sourc«> Foot! and Agrituluir*? Organizalion: U.S. Department of Energy; Office of 
TechnoloKY Aswessmenl; U S. Department of Agriculture. 



Second after sugarcane in alcohol yield per hectare is sweet sorghum, 
a crop that has received little commercial attention. As With sugar- 
cane, the stabks are crushed and the syrup is extracted and then dis- 
tilled to produce alcohol. Although so little sweet sorghum is grown 
in the United States that no official statistics are kept on its planting, 
it appears to have an unsurpassed potential as an energy crop in the 
temperate zone.vA modest etfort in plant breeding and in research on 
farming practices to increase yields could pa^^^fiVndsome dividends in 
terms of overall alcohol yield. In a sense, sweet sorghum is the "sug- 
arcane" of the temperate zone. In North America it can be grown as 
far north as Minnespta and Michigan. A Battelle Institute stydy 
undertaken for the Department of linergy analyzed the potential for 
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alcohol fuel from sugar crops and gave sweel sorghum a very high 
ral^I»g, assuming thai a modest investment in research is made to up- 
gtyde It The Battelle study concluded that "of the three sugar crops 9 
d^cussed, sirgarcane is the most promising in the near term, sweet 
-sbrghum will gam promise in the future, and the sugar beet is so 
unpromising as te warrant dropping it from the fuels-from-biomass • 
* program. » ^ 

« ^^'"""K. t^^e «reals,' there is little variation in the' rate of conversion 
o alcohol. Wheat, corii and grain sorghum all yield approximately 
the same artiouixt of -alcohol per -bushel of grain: 2.6 gallons per 
bushel for corn and grain sorghum, and 2.7 gallons, per bushel for 
wheat. The great variation in alcohol yield per hectare derives almost 
entirely from the widely varying cereal yields per hectare. The world 
corn yield per hectare, for example, is nearly triple that of wheat, 
partly bec-ause corn is photosynthetically more efficient and partly 
because wheat is groyvn" largely imder semiarid conditions.* 

Cassava-also known as manioc-has a promising long-term potential 
as an energy crop. It can be grown on a wide variety of soils and, al- • - 
though yields are responsive to fertilizers, it does not require mcxiern 
production inputs. Cassava is also -a hardy crop that grows well ijti 
senrtiarid are.is. Because of these characteristics, and because it is 
. widely grown by small landholders, it could become an important 
source |f cash income.. Manioc can also be cultivated and harvested 
all yearlong so that distilleries using it can operate year-round some- 
thing they cannot do witlj sugarcane unless the syrup is extracted 
at harvest time and then stored.^ 

Any discussion of the feasibility of alcohol fuel must take into ac- 
coufit the net energy balance, the net liquid fuel balance, and the 
costs of^roduction. While the alcohol yield per hectare for various- 
crops can be calculated rather precisely, there is some controversy 
about whether prociucing ethanol from crops yields a net energy gain 
Part of the confusion arises from the two distinctly different energy 
, balances that must be considered-the total ^mount of energy con- 
sumed and produced in the process, and the amounf of liquid fuel 
involved. ^ ^ §^ 
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Accordiiig to a calculation by the Department of Energy, producing 

100 BTUs of ethanol from corn requires the investment of a* total or 
10 109 BTUs-44 BTUs to grow the corn and 65 BTUs to distill the 
^alcohol from it. (See Table 2.) The ethanol contains 8 percent less 
Energy than is invested in its production. If th(? 14 BTU energy value 

of tne by-product, distillers grain, is included, however, there is a 

slight not envrgy gain of 5 percent. 



Table 2: Energy Balance of Ethanol Produced from Corn 
Energy Consumed Energy Produced 





(BTUs) 






(BTUs) 


Agricultu'fe^^ 


44 ^ 


Ethanol 




100 


Alcohol processing 


65 


By-products 




14 


Total 


109 




Tolal 


114 



Source: U S Dcpiutment ot Em-rgy 



if the corn is processed in a petroleum- fired distillery and if most of 
the energy consumed in protiucing the corn is in the form of oil, there 

* is little if <fny net gain in liquid fuel. If, however, the distillery is 
fueled' by coal or solar energy, then at least 2.3 gallons of liquid fuel 
wouU be produced for every one^ consumed. If, in addition, the fer- 
tilizer used on the corn is produc€fd in a plant that did not use petro- 
leum, t4ien the liquid fuel yield could Easily increase to three gallons 

, for each gallon used. New distilleries designed specifically^ to produce 
fuel-grade alcohol (as opposed to the older beverage distilleries) 
promise to increase this ratio to four to one., Fpr a country striving 
to reduce petroleum imports, this would be An attractive proposi- 
tion.* 

One of the advantages of sugarcane as a feedstock is that the fibrous' 
stalks remaining after the cane has been crushed, known as bagasse, 
can be used to. fuel the distillery. This provides a major savings in 
the energy required for distillation. The combination of a high alcohol 
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The high alcohol yield 
. per hectare 
makes sugaccane 
exceedingly attractive 
as an energy crop^" 



yield per hectare cind ihis buill-in source of Fuel looperalo the dis- 
tillery makes .sugarcane exceedingly attractive a,s an energy crop. • 

The energy balance in prosiucinjj alcohol from crops can also be af- 
fected by such other factors as the fertility of the land on which the 
crop .s grown, the distance of the distillery from the final market for 
the ethanol, and the value of any by-products of the distillatipn pr6- 
• . loss. When ethanol is produ'ced from grain, the hy--product-distillers 
jrain--possesbes the orij^inal protein of the grain plus some protein 
rom the yeast used in fermentation. DistilleV^ grain can be used as 
heciMor ivestock in communities adjacent to the distillery or can'be 
dried and transported to more distant markets. Drying the distillers 
gram requires a substanti.fl amount of energy, however, and there- 
fore lowt^rs the net energy yield of the distillation process. 

The high-protein animal feed that results from the distillation process 
has about twice the crude iber and one-half the ruminant-digestible 
protein of soybean nv?al. the most common high-protein ingredient 

\ in livestock feed today. The highlfiber content maLs it a relativ^y 
-^insatisfactory feed for poultry anil hobs, although it can be used in 

> . -^al amounts if mixed with other high-energy feedg. But dried 
distillers gram could be.a major component of the feed ration for both 
the dairy industry and in beef- inisfiing feedlots. Traditionally it has 
not K'en used much m feedlots because it has led to somewhat slower 
weight gam than when more conventional rations are used.' • 

. The energy4,alance and economics of " producing and using ethanol as 
a fuel are enhanced by its octane.boosting properties. When added to 
Sn"';u ' i" ■ «^-^<>n*? rating of the gasoline, th>is 

aising the value of the mixture. Instead of simply selling gasohol 
(PO percent gasoline and 10 percent alcohol) as a higher gVade fuel 
rcfinenes could take advantage of this effect by procfucing a less re- 
fmed gasoline to combine with alcohol. This would save oH at the re- 
finery thus improving the" petroleum -balance" of* agriculturally 
derived alcohol as well as its value as a fuel. 

The cost 9f prochicing ethanol is determined by such factors as which 
commodity is used as the feedstock, the effect of weather and. loca- 

ERiC * 2 J 
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' Hon on the crop yield, the value of any by-products, the size of the 
distillery and the type pf fuel it uses, and the subsidies available for 

12 alcdhol production and use. Energy crops with the highest alcohol 
yield per acre do not necessarily result in the cheapest alcohol, (bee 
.Table 3.) . 



Table^: 



Estimated Cost of Ethanol From Various Sowrcea. 



Feedstock Cost 



Nei tfe«S&toiclt Co»t' 

for Ethanol* ; . Ethanol Cost 





— ^ ~ 

(dollars) 


(ddll.us/galloii) 


' — ' — '""■^ — ■ .~ 


Corn 
Wheal 

Grain Sorghum 
Sweet Sorghum 
Sugtirccine 


2.44/bushel 

3.56/bushel 

2 23/bushel 

I5.00/lon 

I7.03/lon 
— -> 


« .S7 
.91 
49 

.79 
1.26 


1.00 ^ 
1.34 

.92 * 
1.36 
'1.83 




^Includes credit tor by^||^)ducts . • 

Wees This Ubie is .idapted from . much more detailed oue compiled by the Office 
of Technology A nsessmenl }n Qasohoj A lechmcai Memoramiuffy ^ 

-~ T — ' * ^ I 

, • ■ ■ ; 

fbr example, tFl Office of Technology Assessment estimates that the 
capital investnint costs in the United States for ^sugarcane distillery 
that uses bagasse as fuel and that has a capacity df 50 
a year are nearly twice those of a co^l-fired, grain-alc«hol distinery o 
th^ same .size. Capital investment costs for each gallon of ethanol 
produced ary consec,uently higher for cane alcohol than for gram 
alcohol distifleries. On the other hand, the operating ^o^*? of the sug- 
arcane distillery are lower if it is fueled by the bagasse. The «nitml in- 
vestment costs plus the daily operating expenses add up to roughly 
57i per gallon. of ethanol produced from sugarcane, and 43* per 
gallon produced from corn. Lastly, the cost and vali*e^^of fed- 
Mock varies. Assuming a sugarcaV pr.c^ of $17 per ton, dfs t iler 9 
producing ethanol from sugarcane would pay $1.26 for the feed- 
US 
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_ stocic for each gallort of elhancd. Distillers using corn priced al $2 44 
per bushel pay less lhan tl per gallon for ihe feedstock, and can 
further reduce iheir costs byN«||ing the by-product, dried distillers 
grain, recouping 38(t on each feallon of, alcohol produced These 
price relationships are not nece*arily the samtj in all countries. In 
brazil, for example, the cost of growing sugarcane, and thus of pro- 
ducing alcohor, is lower. '<> , A • 

The cost of the feedstock currently accounts for al?out half the price 
of ethanol. As gasoline prices rise, dealers will be able io sell gasohol 
,at higher prices, and therefore to pay more for etbanol. This in turn 
means d is tilers will be able to use more expensive ftedst«cks if neces- 
sary. Ihe Office of Technoloigy Assessment estimates that, even 
without subsidies; ethanol procluced and delivered to U.S. gas sta- 
tions at $1.20- to $1 40 per gallon would be competi-Uve as a gaso- 
hne additive when the average price of crude" oil is $20 to $31 per 
barrel, at which point unleaded gasolirle would be selling for $1 10 
to $1.60 per gallon on the average. - 

As retaif gasoline prices reach $2 per gallon, gasohol coutd be com- 
p«tiHve without subsidies or credit for by-products even if distillers 
P''^ ^•^■^9 ^ox corn, nearly $1 above the -February 

1980Vorn price With gas at $2 per gallon, if clftillers were able to 
take advantage of both the subsidy and the present by-product credit 
they might well be able to |fay over $5 a bushel for corn. 

These calculations are based on traditional agricultural concepts, with 
fuel production being considered a§ an addition' to the current agri- 
cultural system. But some analysts have recommended redesigning 
the foodrfeed system to produce food, feed, and fuel. Even without 
energy, crops, the continuously expanding world demand for food, 
and feed is generating pressure to restructure agriculture. 

l^|>'0U8h^'Ml '^Ke period of intense agricultural modernization since 
World War II, U.S. Gpvernment programs to limit production have 
encouraged farmers tc/ leave cropland idle. One effect has been to 
encoufdge farming practices that maximize output 'per acre of a par- 
ticular crop rather than output per acre per year. VVi^h land now 



1 



13 




becoming scarce, ihe need lo-use land, more inlensively could lead 
to some fundamental shifts in cropping patterns* For eVample, one 
sX4 approach that would raise the output of land in an overall food-feed- 
fuel sense would be to double-crop the land with a winter food 
grain, such as wheat or bariey. and a summer energy crop, such as 
sweet sorghum. Keeping the laiul covered with a crop for most of the 
year w(,>uld both incrca^e'the percentage of incidei\t sunlight con- 
, ' verted into biochemical energy and' reduce soil erosion. 

Biologist Barry Commoner argues that restructuring agriculture to 
include an expansion of the overall cultivated area, a sharp reduction 
of the soybean acreage, and a rotation of corn, sugar beets, and hay 
on a large share of the cropla^^d would greatly increase the plant ma- 
terials that could be converted into alcohol while maintaining the 
current level of protein output. This approach, which Commoner 
believes would yield enough alcohol to satisfy virtually the entire U.b. 
need for liquid fuels, is based on a number of uncertainties, such as. 
the ability to feed vast quantities of distillers grain to livestock 
efficiently and the development of a commercial fermentation 
' process that would permit the conver^on of such qellulosic materials 
as corrvstalks. or hay into alcohol.. Leading agricultural^ scientists, in- 
cluding Sylvan Wiltwer and David Pimentel, have questioned the 
feasibility of basing an agricultural fuel program on a crop rotation 
that includes the iJugar beet. They point out that it has a low photo- 
synthetic' efficiency, a low alcohol yield, and a limited adaptability to 
many of the heavier soils found in the Midwestern Corn Belt. There 
is also a risk that the removal of large amounts of plant materials 
normally returned to th^ soil, such as cornstalks, could lead to a 
X decline in soil organic matter and, therefore, soil fertility." 

Regardless of the specific rdute followed, the economic conditions 
' ■ for the large-scale commercial production of alcohol from high- 
yielding energy crops appear to be favorable. Most of th^ world s 
315 million automobile owr^ers have the purchasing power to drive 
the price of corn, sugar, and other fermentable cotiimodities far above 
current levels. Although subsidies have played a key role in launch- 
ing alcohol fuel programs/ they may eventually become unnecessary 
^ as the price of gasoline rises. 

ERIC • ^ ' 



' Most of the world's 315 million 
automobile owners have the purchasing 
power to drive the price of corn, sugar, 
and other fermehtable commodHies 
far above current levels/K 
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National Plans to Produce Energy (Crops 



Among the countries 'already producing ethanol for fuel or actively 
considering it are Brazil, the United States, South Africa, New Zea- 
land and Australia. Within this group Brazil is the unquestioned 
leader. It has moved rapidly to develop and implement a national 
alcohol fuel program, based principally on sugarcane. 

Ethanol's potential as a fuel was recognized in Brazil from th\ early 
days of the automobile but it was never competitive with cheap petro- 
leum even when it was produced as a by-product of "sugar manu- 
facture Brazil relies on imports for 85 percent of its oil, yet the coun-. 
try has based its vast transportation system-which has to serve the 
fifth largest land mass of any country in the world-on highways and 
motor vehicle transport. By mid-1979 Brazil was Spending ^n esti- 
mated $0.5 billion aTunially on oil and importiiig nearly one million 
barrels a day 

Brazil s -alcohol fuel program was launched in 1075. At that time, tjje 
goal was to become seU-suTficient in automotive fuel by the erid of 
the century. After the Iranian revolution and the associated increases 
in the world price of oil during early 1979, the government acceler- 
ated its alcohol fUel program. Although offici^Jj goals beyond 1985 
are rather vague, the ;ictions. taken suggest a desire tu be self-suffi- 
cient by the gnd of the eighties.*^ 

Between 1975, when it was launched, and 1985, an estimated $5H^iU 
lion vyiil pass through the National Alcohol Program as subsidies for 
production and consumption of alcohol fuel. Government incentives 
lake the form of concessionary financing to help modernize and ex- 
pand existing alcohol distilleries, to build new distilleries, and to de- 
velop agricultural projects to supply them.*^ 

From 1975 to 1979, alcohol production increased from 640 miK 
lion to three billion liters (790 milljon gallons). In 1979, alcohol ac- 
counted for an esNimated 14 , percent of Brazil's aut^nnotive fuel 




'consumption, most of it, as gasohol but in l%), when it is expected 
to constitute 20 percent of the total, some of il will be used in new 
\fp cars designed to run exclusively on alcohol The exceedingly raf)ilk 
growth in alcohol production and use reflects both a dynamic entre- 
preneurial class in Brazil and strong government support. 

Industry sources within Brazil believe they -Ian . procluce 20 billion 
liters of alcohol for fuel by 1985, enough to provide 60 to 70 percent 
of ijie fuef requirements of the projectd airtomobile fleet of 12 mil- 
lion vehicles. Government officials are less -optimistic. They project a 
production of just under 11 billion liters of alcohol by 1985. 

The c^mbitious Brazilian alcohol fuel program is based largely on sua-^^ 
arcane, the, most efficient of all energy crops. /Sugarcane currently 
>!li ' llll> ' JIK^ gallons of alcohol per acre, nearly 65 percent more than 
corn, the major distillery feedstock in the United States. Although 
only 2 percent of Brazil s total land area would need to be planted to 
sugarcane to achieve the goal of automotive fuel self-sufficiency, this 
would . equal half the total land area currently planted to all crops. 
Viewed internationally, Brazil's goal of automotive fuel self-suffi- 
ciency will require the planting oT 16.9 million hectares of sugarcane 
--more sugarcane than is planted in the 65 fcther countries that grow 
the crop. ' 




Although the overriding objective of the Brazili^alcohol fuel pro- 
gram is to rid the coyntry of dependence on imported oil, there are-^ 
other goals. The government hopes that by creating jobs for presently 
unemployed rural workers on land that is now unused, the program 
will help iitem the tide of urban migration, improve the country's 
skewed income distribution, and foster more balanced development 
throughout the country. But the key to achieving these goals may he 
in the successful adoption of manioc as an alcohol feedstock, be- 
cause manioc can be .protluced by smallholder on the margit^al land 
most common in the least developed regions of fhe country. 

While Brazil has moved most rapidly to develop energy crops, the 
United States is now also beginning to xiccelerate efforts to ehcourage 
an alcohol fuel industry based on energy crops. American ertthusi- 
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''Brazirt goal of automotive fuel 
'self-sufficiency will rtfluire the pbntinK 
^of more tugarCahe thdin it pbntea 
in the 65 other colintrieft 
that grow the crop/' 



asm for alcohol fuel has increased in direct proportion to the rise in 
gasoline prices. BTe^weenyMarch and October 1979, a period of unpre- 
cedented- gasoline pricW^^hikes, the number of service stations selling 
gasohol jumped from 500 to 2,000. 

The first major boost for the U.S. alcohol fuel program cam^ with the 
Energy Act of 1978, which removed the federal g<\^line tax of 4<r 
on every gallon of gasohol containing alcohol obtained from non- 
(tetroleum sources. Under this tax exemption, effective January 1, 
1979, mixing a gallon of ethanol with nine gallons^ gasoline ex- 
empts the entire ten-gallon mixture froni the federal tax of 4t per 
gallon, thus providing an actual subsidy of 40i op each gallon of 
alcohol used as fuel. As of early 1980, some 16 states hi^ve also. ex- 
empted gasohol from the state gas tax. Among them are Colorado, 
Indiana, Iowa, Kansas, Montana, Nebraska, South Dakota, and 
Wyoming.^*' 

In Iowa, (he net state tax exemption on a gallon of gasohol amounts 
to a subsidy of\ 65c per gallqn for alcoliol used in gasohol. Com- 
bined with the rederal tax exemption, the total subsidy exceeds $1 
per gdlon^for alcohol, used as automotive fuel. As these xbmbined 
subsidies took effect, gasohol sales in Iowa leapt from 600,000 
gallons in November 1978 to 8.4 minion gallons in December 1979, at 
which point gasohol accounted for* 4 percent of all automotive fuel 
sold in the state that months* 

In January 1980, the'U.S. alcohol fuel program received a second big 
boost when the White House announced major new goals for both. 
1981 and the mid-eighties. The ^lim is to, proauce 500 miltlon gallons 
of ethanol for fuel in 1981, at least six times the amount produced 
in 1979. Although U.S. ethanol capacity in 1978 was an esHmated 
540 million gallons, synthetic proauction, largely from petroleum, 
accounted for 60 percent of the total. Idle capacity in distilleries, 
most of which were designed to produce alcoholic beverages, was 
Estimated at 23 million gallons. 

To produce 500 million gallons of ethanol for fliel in 1981 is an 
obviously ambitious goal, considering it takes nearly two years 



to build a larfee alcohol distillery. This goal could be realized only 
if the new capacity consists largely of smaller 6n-farm distilleries that 
cat^ be conslructcci in six months or lejss. Distilling 500 million gallons 
of ethanol requires roughly 200 million bushels of corn, the output 
from two million acres at current U.S. yields. In tonnage terms, this 
amounts to five million tons of corn, or about 5 percent of projected 
U.S. grain exports of nearly 100 million tons in 1980. Although the 
pHOtein component of the distilled grain would be available as feed, 
much of the energy lost during distillation wAuld have to be' replaced 
with some other feedstuf fs " 

. ' 1 • • 

For the mid-eighties. President Garter's ethanol production goal is two 
billion gallons. Mixed with gasoline, this" would yield 20 billion gal- 
lons of gasohol, or nearly one-fifth of thevU.S. 1979 consumption of 
roughly -110 billion gallons of automotive fuel. The mid-eighties 
ethanol production goal would require 800 million bushels of corn or 
its>quivalent This would amount to 20 million tons-one-fifth of the 
current exportable grain surplus.^* . 6 

The January 1980 announcem^t outlined a. program for the next 
decade, although the government did not indicate specific goals be- 
yond the mid-eighties. All told, it is proposed that somewhere be- 
tween $8.5 billion and $13 billion be committed to encouraging 
the alcohol fuel industry. Many of the incentives in this multi-billion 
dollar package are already in effect, including the exemption of 
gasohof from the 4(t-a-gallqn federal, gasoline tax, in order to provide 
investors in 'alcohol fuel 'distilleries the assurance of a long-term 
market and profitability for t^eir product, the President proposed that 
the gdsohol*»x exemption be made permanent. When queried aboyt 
the new U.s! fuel crops initiative. Under SecretSfry of Agriculture 
James Williams responcfed, "the purpose. . . is to send the.signal that 
we are ready for ^oing ahead with a massiVe plant construction pro- 
gram,"" ' ' . 

The principal new component in the program was $3 billion in pro- 
posed new federal loans and in loan guarantees for those investing' in 
alcohol distilleries. This figure inclucres an estimated $300 million to 
assist small-scale producers sueh as individual farmers who wish to 
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prbcluce their own on-farm fuel .supplies. In 1979, the Bureau of 
Alcohol, Tobacco and Firearms rec'tived over 4,000 requests for non- 
commercial distillery licenses, up from only 18 letters in 1978.^* 

Exactly how far the proposed alcohol fuel initiative can proceed 
/ based on corn or other cereals remains to be seen. Apart from other 
^ constraints, there may be a limit to the amount of distillers grain that 
can be effectively absorbed as a feedstuff. Producing two billion 
gallons of alcohol from corn would yield as a by-product 17 times>fi 
much distillers grain as Wj^ consumed in the United States in 19763^ 
Unless Ihe market for distillers grain can be expanded rapidly, such 
an enlarged supply could lower prices and the commercial attractive- 
ness of alcohol prtxluc'ed from cereals. ' 

In addition io the program announced by the White House, the De- 
4:)artment of Energy is already looking into the use of sweet sorghum 
to produce ethanol. Over the long term, the energy department be-, 
lieves that sweet sorghum could become the dominant eVtergy crop 
in the United States. By the end of the century, according to their 
Niinalysts, 14' million acren of cropland could be planted to Sweet sor-, 
khum,»which would yield 8.3 billio^ gallons of ethanol per year. This 
mreage would be rather evenly divided between the Midwest, where 
the sorghum would replace some corn, and the Southeast." 

Another^^potential source of domestically produced ethanol in the 
United States is ^agricultural wastes. The Department of Energy 
estimAles that it is now economically feasible to convert up to four^ 
fifths of the country's cheese whey, citrus wastes, and other food 
processing wastes Mnto alcohol. If all the distilleries were in place, 
these sources could yield close to 500 million gallons of ethanol 
in 1980, increasing to 640 million gallons by the end of the centiiry.^^ 

Although ethanol cah become a significant jource pPliquid fuel in the 
United States, it could not become the dominant fuel source for auto- 
mobiles Jf It is produced from grain. Converting the entire U.S. 
grain harVest into alcohol would not yield more than 30 billion gal- 
lops, or 30 percent of U.5, annual gasoline consumption. While 
Brazil can consider producing automobiles that burn alcohol tx- 



clusively, in ihe Unlled Stales elhanol will probably be limiled^lo 
ils role as an oclane booster when mixed with gasoline in small 
20 amounts. 

Another country that has examined carefully the potential for pro- 
ducing liquid automotive fuel from agricultural commodities is New 

' Zealand. The most likely feedstock for alcohol distilleries there 
would be a type of sugar beet 'or fodder beet. The New Zealand 

' Energy Research and .Development Committee reports that "it is 
technically possible to provi^ all road transport fuel which present 
projections say New Ze#ai)d will require in 2000 ' from energy 
crops. In examining- the balance-of-payments consequences of mov- 
ing toyvard energy crops as a source of road transport fuel, the 
committee notts that "energy farming could save as much as $2 of 
foreign exchange for every %\ of foreign exchange earnings ost by 
way of displaced agricultural production. " What this particular cal- 
culation does not reflect, of course, is the impact on food prices out- 
side New Zealand if such a strategy were to be pursued. Thp authors 
of the study conclude that "energy farming is one alternative which 
offers Mew Zealand a much more secure supply of transport fuel at 
a cost that is less dependent on international politics and other factory 
beyond our control."*" 

Achieving transport fuel self-sufficiency in t^ year" 2000 would re- 
quire New Zealand farmers to plant between 700,000 and 1.3 miljion 
hectares of f wider beets, sugar beets, or corn. This compares- with- a 
total current cropland area in the country^ of ,835,000 hectares. In 
effect New Zealand would need to at least double the current area ^ 
under crops if it were to become f^iel self-sufficient without taking , 
land that is already.being used to produce food. 3» 

in Australia, which ranks third behind the United States and Canada 
as in exporter of cereals, a strong commercial interest in »q">a 
' is b^giiAning to emerge frtim the private sector. Ausfralia s AMPOL 
' Petroleum Limited aftd Biotechoology Australia Proprietary Limited 
Lhave calculated th^t within five years Australia could ^be producing 
1 15 to 20 percent of its fuel for motor vehicles in the f orm X)f alcohol 
1 distilled from Wheat, The tvyo firms estimate that satisfying that 
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amount of motor fu^el needs would require roughly as much wheat 
as, Australia currently produces. 

The two comparTtes have joined forces to begin opgypating a pilot 
plant at a former brewery in Sydney. They plan to use the continuous 
fermentation process for producing alcohol rather than the batch 
fermentation process that is uVd in Brazil and elsewhere. The pilot 
plant will not only test the prciess, but will also give the companies 
belter data on costs. The managers of the joint project hope con- 
tinuous fermentation will mean they can produce 440 million gallons 
a year within five or six years— enough to satisfy ooe-tenth of the 
Australian gasoline market. During the early^ years of the .project they 
believe grains will be the n^jst desirable feeclstock for alcohol manu- 
facture.^^ 

An Australian study undertaken by the Commonwealth Scientific 
and Research Organization Analyzed liquid fuel prospects and re~ 
ported that Australia could gef . almost >hree-qua^ters of its trans- 
port fuel ^^^^ crops, crop residif^s, and forest products. Such ma- 
terials as cereal residues, bagasse from sugarcane, and forest refuse 
could produce as much as 1.3 billion gallons of alcohol. .Seen against 
Australia's current annual consumptioif*A>f just under four billion 
gallons of gas^iline, this could make a significant contributi6n.^^ 

Yet another country that has recently looked at the production of 
automotive fuel from crops is Austria. During the late sevenWes, 
Austria's population slopped .growing but its agricultural output 
continued to expand, with the result that it is now producing an 
exportable surplus of grain. The grain 9urp|a^ totaling 200,000 to 
3*00,000 tons p^er year, is being exported to Eastern l^urope, princi- 
pally Poland, which is eager to take the gr^in. But exporting wheat 
poses a fiscal problem for Austria, as the -domestic wheat price is Well 
above the world market nrice. Each Ion of wheat that was exported 
during 1978/79 was subsidized at the rate of $84 per ton.^^ 

The Fuel From Biomass F^rdject, sponsored by the Austrian Ministry 
of Science and Research, has seized upon this exportable surplus pf 
grain as a potential source of.alcoliol tor fuel As a result, Austria is 



;^ow seriously considering the construclior\ of a small demonstra- 
tion plant to. coqverl grain into fueUgrade alcohol. The distillers 
grain remaining after the fermentation* is slated for ys? as a high- 
protein feed for livestock, which would reduce the demaod for im- 
ported soybean and fishmeal.^* . 

South Africa, which currently leads the world ilS the procfuction of 
liquefied fupl from coal, also hai^ a. large project to produce alcohol 
from crops. It is planning Ito use both cassava, which is a dietary 
staple in many parts of Amca, and sugarcane as raw materials for 
the production of alcohol. Current plans call for converting the 
Makatini Flats in northern Zululand, a semiarid plain with sparse 
vegetation, into cassava plantations. South Africans talk of convert- 
ing this arid plain ir^to an "oil field. "^^ ; 

The Sout^ African cassava project as outlined is exceedingly ambi- 
tious. Involving huge plant nurseries that will produce cassaya seed- 
lings through a rapid cloning process, it calls for some 1*3 ethanol 
dis^tilleries in the Makatini Flats area. These would produce 137 mil- 
lion gallo/is of liquid fuel annually and employ a total of 2,600.people 
in cassava prodjiction and alcohol distillation. It is also being pro- 
moted by the South African Government as a way of encouraging 
rural development. To the extent that cassava can be grown in areas 
that were not producing anything of agricultural value and with re- . 
sources that would not otherwise pe used to produce food, these new 
"oil fields" will not compete with food crops.** 

The sugarcane part of the South African alcohol fuel project, how- 
ever, would compete directly with food crops. Indeed, in order to 
encourage greater sugarcane production, the g(jvernment ifS guaTan- 
leeinu water supplies to farmers who will grow sugarcane explicitly 
fior the production of alcohol. Under this arrangement, sugarcane 
grown as an energy crop would in all likelihood divert both land and 
water from food production,*' 

Soiith Africa is also tKe si\e of anothef innovative experiment in* 
liquid fuels. The Department of Agricultural Technical Service is 
condiictin}} a pilot .project using sunflower oil as a fuel substitute in 



'The 9Ugarcant4>»t 
of the South AfHtan 
alcohol fuel project 
would compete aireetly 
with food crops/' 



diesel- powered tractors Sunflower seed oil apparently has worked 
well in the first 100 hours of trials in a diesel engine. If this should 
prove successful, it is estimated that corn farmers could grow enough 
sunflowers on just 10 percent of their land to provide all the fuel for 
their tractors. 

Although the national alcohol fuel program*- sketched out above are 
the most advanced, other countries are exploring the potential. Some 
are looking at agricultural by-products while others are, considering 
the direct conversion of farm commodities into alcohoEiJ-Kei^y;!. is 
building ap alcohol distillery that will use the mola^^eS^^^r^uct 
of its sugar mills. Designed to use 180,000 tons of molas^j^-vi year, 
it will produce ethanol for bleilding with gasoline in Nairobh**^ 

• 

The Sudan is also considering molasses-fed distilleries. The produc- 
tion of sugar from the vast new acreage of sugarcane to be planted in 
the Kenana Project between the White and Blue Niles will generate a 
large quantity of molasses. With no nearby market f,or it and with the 
nearest port 4,600 kilometers away, the conversion of molasses into 
liquid fuel for local use solves simultaneously the transport problems 
associated with the export of molasses and the movement of imported 
lic^uid fuels to tf\e project area.*^' 

Thailand, on the other hand, is interested in an agricultural fuel ifi- 
dvlstry partly as a way to stabilize the prices of its acricultural 
commodities. It is seeking bids for the construction of distilleries 
that could be adapted to whatever crop might be in gfeatest surplus-- 
cassava/ maize, rice, sugarcane, or molasses. And in the Philippines, 
the'government has undertaken a crash program to produce alcohol 
fuel from sugarcane. The production of ' alcbgas" (gasohol) was 
originally due to begin in 1982, but the government recently stepped 
up tht program, setting an alcohol production goal for 1981 of some 
5.8 million gallons of oil equivalent, and doubling the 1989 goal 
to an estimated 244 millio^n gallons of oil equivalent. For the time 
being the ♦ilcohol will be derived/ijrgely from cane, although the 
government is also looking into the potential of Using cassava and 
sweet potatoes. \ 



Inleresl in .ilcohol fiiel is also strong in olher sugar-surplus, oil- 
deficit countries of the Third World, where sugar prices have fluctu- 
ated while oil import bills have climbed. The balance-of-payment , 
gains from *he conversion of sugar into alcohql are obvious to 
economic policymakers. The Dominican Republic Guyana, and 
Jamaica have each initiated feasibility studies of alcohol fuel produc- 
tion. A construction firm based in White Plain$, New York that 
builds alcohol distilleries reports that it now receives some 30 in- 
quiries per week, mostly from sugarcane-producing countries, com- 
pared with perhaps one per week five years ago.<< ^ 

The Impact on Food Supplies and Prices 

The numerous national programs to divert agricultural resources to 
the production of fuel crops come at a time when ^fforls »o expand 
world food output are losing momentum. Between 1950 and 1971, 
per capita grain production worldwide increased by some 30 percent, 
leading to a substantial inu)rovement in nutrition not o"ly '"^uS" 
trial countries but in much of the Third World as well, bmce 1971, 
however, growth in world food output has slowed, scarcely keeping 
pace with population growth. The failure of world Kr^.n tfutput to 
match the increase in both population and incomes led to rising food 
prices during the seventies. 

As focxl prmluction has slowed, global food insecurity has increased. 
Throughout the sixties and «arly seventies, the world had two major 
food reserves-large, often burdensome, stocks of grain and a vast 
area of cropland idled under U.S. farm programs. Together these 
provided a perio.1 of unprecedented stability In world food supplies 
and prices. 

As recently as 1972, over 60 million acres of U.S. cropland were^dled 
' under farm programs. (See Figure 1.) Since then most of »he »dl«» 
farmland has been returned to production. Even with this addition 
howevpr, the production of food in some years has not matched the 
growth in woHd demand. As the eighties begin, the world has,only 
one fotxi reserve left-its stocks of grain. 
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Figure 1: U.S. Cro|>Und Idled Under Farm Programs, 1960-80 

In addition to -the decline in reserves, production has become more 
erratic, tttorts to double food output over tH? last three decades have 
P^r*9L,^8f'<^"'*"f* areas of marginal rainfall and onto marginal 
soils. I he result of farmirtg where rainfall is Unreliable is dramatically 
evident in the Soviet Union, where a crop .failure every third year or 
\.o is commonplace iri the. virgin lands-the newVarea brought under 
the plow during the fifties. The 1972 Soviet decision to offset a crop 
shortfall thflough imports*rather than through belLlightening, as they 
had always done in the past, has had an extraortiinarily destabilizing 
effect on the w<|||d food economy, leading to ivide fluctuaHons in 
world grain prices." 
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J A further sourte of instability has been the growing dependence of 
the entire wortd on one region. North America, for its food supplies. 
20 Both the United States ana Canada are affected by the same climatic 
cycles,, As a crop failure in one is likely to be associated with a failure 
in the other, heavy reliance on the region is even riskier than it at first 
: s^^eirfs. * " ^ 

Wodd demand for grain has been expanding by some 30 million tons 
per year over the past decade. Of this total,^ the bulk is needed to 
cpver the increas^n hurr^an numbers, leaving little to upgrade diet^. 
While world population growth has slowed, the absolute year- to- 
yeaf increase remains at 70 million. In effect, the gradual decline in 
the rate of population growth has been offset by the incre^s^ in the 
size of the ^pulation base,*** * * 

Although population growth has dominated the, .growth in world/ 
food derrtand, rising incomes have also contributed to the increase, 
particularly in areas where consumption of livestock- products, and, 
the grain to produce them, has been rising rapidly. Prominent among 
these are a few industrial .c<>untries, such as Japan and the USSR^ 
where meat consumption had until recently been relatively low; and 
th^ oil-exporting countries, where incomes are rising at an unpre- 
'cedt>nted rate. 

On the Supply side, growth ir^ fhe world cropland, base has slowed 
markedly since mid-century, expanding only one-fifth as fast ais 
population. Other prominent reasons for the;^ slowing growth in 
world food gutput are th^ continuing conversion of prime cropland 
to nonfarm uses, the ex^cessive erosion of soil oh at least one-firth of 
the world s cropland base, the rising cost of energy for farmers, and 
the diminishing returns on additional applications of fertilizer in 
^ . agriculturally advanced countries.*^ 

All the forces that contributed to. the loss of momentum on the 
food front durinu the seventies seem certain to intensify in the 
• eighties. Even witnout the competition from energy crops, the world 
will be hard pressed to avoid a decline in per capita food production 
^ during the decade if the projected increases in population materialize. 
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"Growth in the world cropland base has 
slowed markedly since mid-century, 
expanding only one-fifth as fast 
as population/' 



It is against ihis backdrop lhat ihe emergence of national energv 
crops initiatives must be evaluated. anonai -energy 

The potfential 'claim of automobiles on future food-producinK re 
sources can best be illustrated by comparing the area ^ Copland 
Pe 'VPer-n With that neeJed to' run an auLobTon 
ethanol. I er tapila grain consumption in developing countries 

prcxtcts eth ^'^^^^ diets are rich in livestock" 

prcxiucts each person consumes an average of 1,600 pounds of 
gram, .nclud.ng the amount eaten directly in cereal produces and tha 

<f*'^'- .''^''^fy'^K the annual food needf of a typical 
orSlir wh ^^'^^l.^-'d n^i^- roughly one.,uarter o? an^^acx 



Table 4: Annual Per Capita flrain and Cropland Requirements for Food 

arw fof Automotive Fuel 



Subsistence Diei ' 
Affluent Diet 

Typical European Automobile** 
(7,000 miles/yr. at 25 mpg) 

Typical JftS. Automobile** 
(lO.OOa miles/yr. at 15 



n>Pg) 



Grain 


Cropland* 


(pounds) 


(acres) 


400 


.2 


1,600 


.9 


6,200 


3.3 


14,600 


• 7.8 
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An automobile run on ethanol requires far mQre grain than a person 
does. A typical American car fueled by ethanol would require the pro- 
cessing of over .seven tons of ^rain per year. In Western Europe, 
where cars are more fuel-efficient and are'drivea less, the typical auto- 
iTiobile could be run on a little over three tons of grain per year. These 
* numbers are in a sense hypothetical because, except for Brazil, no 
country has yet proposed running automobiles e)Cclusively on alcohol. 
In the United States, only cafs owned by farmers with distilleries are 
likely to be run exclusively on alcohol in the near future. These fig- 
ures do, however, illustrate how quickly alcoj^ol fuel programs would 
jibsorb vast amounts of gfaln. 

Running a typical American automobile entirely on ethanol would re~ 
uuire almost eight acres, given the average world grain yield, while a 
Eurodean car would require just over three. Land requirements vary 
of course with grain yields. If wheat grown in low rainfall areas such 
as Australia or the U.S. Creat Plains is used as the alcohol feedstod^, 
then land requirements are far higher than if corn grown in the 
U.S. Corn Be^lt is used. In Brazil, where cars are smaller and where 
sugarcane wi)th its higher alcohol yield per acre is used, two acres of 
land might support an automobile. 

"As for gasohol, pro>i'iding fuef for the typical U.S. car would require 
1,460 px^unds qf grain in 6rder to provide a 10 percent mix of ethanol 
with gasoline. This is slightly less grain than an affluent North Amer- 
ican consumes directly and indirectly as food. Nevertheless, the 
cropland requirements of an American car owner who switches to 
gasohol based* on grain would nearly double, rising from .9 to 1.7 
acres, to the, extent that the distillers grain is used for livestock 
feed, the cropland required per person is reduced. 

These calculations >on the amount of cropland needed to run an auto- 
mobile on ethanol or gasohol are in one important sense understated, 
for they do not take into ac^count the liquid fuel used in the produc- 
tion of alcohol. If tRe petroleum used to produce one acre of grain or 
sugarcane i$ deducted from the liquid fuel that acre produces, it i^ 
clear that a substantially larger area of Cropland is required to run an 
automobile on ethanol. ^^i^ 



The social and political ramifications of a masslvf Drod„,ii„n „( 
energy crops wHf probably surface firs. In 83 ^^^'';^''';?,",°' 

Pre ilmT"* of onakZl When 

N,.i„ll lY""^" ' f'"*'^' September 1979 «;i,i; the 

Zc iTi^r '^T'""™ ""fiwing^he intention o p „! 

f^ofK^Tin'Xf^l^trn'Vtr^^^^^^^^^ 

ra'nlr?xfe-M 

Yh^o-pula^^^ oV«T B??±r'i„5si~'€ 
worlds wealthiest individuals as well as the larges/ Wment 
severely improverished people outside Asia A 107-? Ih.!?^ 1 j 
fhat only one-third of ati B^azilHs were?atin« a Lff den'tly noTr^ 
U N*'Fo;d'andT"'^ against mininH.r. requ\eS,ent?^oXte 
nizatlon FviH.n <^^8anization and ihe World Health 6xga 

nization. Evidence of malnutrition* w^s found in the countrv's hfoh 

:ndT 27tVTs or'th^''' 'r:. v^- haif^tKrchiidi' 

their age t. *' ?^ '^'^ ^•"^^^^^^ formal weight fpr 

Jr'Lfn»'flpr» Vr'^y f"*' country's rapidly 

growitTg fleet of automobiles is certain to drive food prices upward 
hus lead.ruj.to more severe malnutrition among th> p'iT In Xct 
the more arfluent one-fifth of . the population who own mos" of the 
automobiles will dramatically increase Their individual claims on crop 
land from roughly one to at least three acres, further soueezrntt X 
milhons who .re at the low end of the Brazilian econbmLSddT ^ 

AHhouKh geography textbooks have long described Brazil as a coun 
try witi; a large unrealized food production potential one to which 
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the rest of the world could turn when shortages developed, its record 
on the food front has in fact been unimpressive. Despite its vast land 
Xf) resources, Brazil, is a chronically grain-deficit country, drawing on 
^ grain imported from aboard, (See Table "5.) In 1979, imports 
soared to a record 5.7 million tons and in 1980 they are projected 
to go even higher, making Brazil by far the largest grain importer 
in the Western Hemisphere.. While drought in key food-producing 



Table 5: Brazil, Net Grain Trade, 1961-80 



Year 



Quantity* 



I9b\ 
1%2 
1963 
1^)()4 
)9t5 
1960 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1980 (prel.) 



(million mctrii Ions) 

-2.0 
-2.3 
-2.6 
-1.3 
-2.1 
-1.4 
-2.1 
-2.3 
-1.2 
-1.5 
. + -4 
-1.1 
-2.8 
-2.4 
- .3 
-2.3 
-1.2 
'-2.2 
-5.7 
-6.1 



*Plus oisn indicatrs wxporls; minus sign, nei imports. 
Source: U S [)*parttn*n» of AgriCviUure. 
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"Energy crops compete not only 
for land but also for aericultural 
investment capital, water, fertilizer, farm 
management skills, agricultural Credit, 
and technical advisory services," 




regions at least partly explains this recent upsurge, the diversion 
o\ agricultural resources to the prixluction of sugarcane is un- 
.doubtedly also a factor. > 31 

Brazilian officials claim that the production of energy crops will be in 
addition to rather than in competition with that of food crops Yet 
energy crops compete not only for land but also for agriculu?ral in- 
vestment capital, water, fertilizer, farm management skills, farm-to- 
market roads, agricultural credit, and technical advisory services In 
the absence ot planned economy where all agricultural inputs are 
carefully controlled and clearly tagged for the protiuction of either 
foi>d or energy, it would seem to be impossible to launch a major 
energy crops program without siphoning resources away from food 
production. The assumption that energy crops will not compete with 
toixi crops may be both naive and politically risky. The upward pres- 
sure yn fooci pVices that will be generated by the rapid expansion of 
energy crop prtxiuction could put a severe strain on the Brazilian 
social tabric and political systemi^ 

The immediate consequences of the Brazilian energy crops program ■ 
may be more internal than external, but the more recently launched 
mort in the United Spates has broader ramifications. If U.S. crop- 
land is shitted to energy crops to fuel automobiles on a massive scale 
It wilkbe at the expense of the exportable surplus of grain. Over 
the past generation, the entire world has come to depend heavily on 
North American grain exports, witt\ just g^er four-fifths of the total 
being from the Ur\ited States. (See Table b.) , 

AH but a handful of countries now import" grain, most of it from 
North America. Since World War II, scores of countries have be- 
come food importers, yet not one new country has emerged as a sig^ 
nificaht cereal exporter during this period. Close to a dozen countries 
-Mn<^luding Algeria, Belgium, Japan, Lebanon, Libya, Senegal, Singa- 
pore, Switzerland, and Venezuela--^now import more than half their 
total grain supplies," . ^ 

The cereals exported from North America-enough to feed 500 mil- 
lion people at Third World consumption levels-consist of large 

31 . 



Table 6: The Chang»i» P^lt^rtl of WorM Grain Trade* 

Region . 1934-38 1 948-52 1 960 1 970 1 978 



North America 
Lt^Hn Americci 
Western Europe , 
East. Europe & USSR 
Africa 
Asia 

Australia Si Zeal. 





(million mi'trlc tons) 






+ 5 


+ 23 


. + 39 


+ 56 


+ 104 


+ 9 


+ 1 


0 


+ 4 


0 


-24 


-22 


-25 


-30 


- 21 


+ 5 


0 


' 0 


0 


- 27 


+ 1 


0 


- 2 


- 5 


- 12 


+ 2 


— t 


-17 


-37 


- 53 


+ 3 


+ 3 


+ 6 


+ 12 


+ 14 



♦Plu« signimllC4tt> neUxports; minus sign, net imporls * i a 
fkfiitCft Foot! and Aaricullurf Org^tfnizalion, U S. Department oK Agri<;iilt\ire, and 
' author's f»ttW»ate». ^_ ^ 

• ■ <> ■ 

quantHies of balh ifood ancl feed grains, principally wheal and corn. 
Allhough in indujtria! cotinUies grains such as corn are used pri- 
marily for livestock fee«;l, {t\ some parts pf the world corn is a leading 
food. IfMieed, irt a doiieii cd6ntr'ie$ in Latin Aitlerlca arid AfriciW it is 
the fodd staple, • '. ^ ' 

vAs morV and more . alcohol fuel distilleries are built in the United 
States ir( order to meet the official goal of producing two billion gal- 
lons of ethanol by the mid-eighties, the exportable surplus of gram 
will be reduced accordingly. In addition to the traditional buyets m 
the North American grain market--the flour rt^illers, th|^/eedlot OD; 
erators, and the graip^importing countries-there will be a fourth, 
potentially large, group: the distillers. 

Exactly how high the price of grain could ewentiially be driven by 
distillers is difficult to say. Obviously, the higher gasoline prices- 
go, the more distillers can afford to pay per bushel for gram, txperl- 
ence in other countries, such as France, East Germany, Greece, Singa- 
pore, ^nd Turkey, indicates that motorists can and will pay $3 or 
more gallon. There is little reason to doubt that American motor- 

- ' '32 ■■ ' 
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ists, with ihfir much greater purchasing power, will not ultim,»tely 
pay as much. 

When gasoline reaches $2 per gallon, given the existing gasohol sub- 
sidies, U.S. distillers could probably afford to pay $5 .1 bushel for 
corn. If the price of gasoline should reach $3 per gallon, as it has in 
many other countries, distillers nilght be able to pay clo^e to 
bushel for corn without subsidies and credits. If the phased decontrol 
of oil prices in the^ United States 'proceeds on schedule and oil prices 
move to the world market level by the end of 1981, gasoline prices 
Will rise accordingly." 

Under these circumstances, U.S. distillers will be in a strong position 
to bid for a growing share of the U.S. grain harvest. In the absence 
of governmental intervention fo restrict the amount of grain that will 
be converted to alcohol, the world price of grain will be driven stead- 
ily upward. Only when the price of, alcohol produced from grain 
reaches equilibrium with the price of gasoline produced from' petro- 
leuni will the growing conversion of agricultural commotlities into 
alcohol come to a halt. ^ 

'Agriculturally based alcohol fuel programs designed to produce fuel 
for automobiles in Brazil and the Unittkl States are evolving in a way 
that threatens to divert food resources to nonfood uses and thus to 
raise food prices. Yet a carefully designed alcohol fuel program that 
gave farmers first priority in the use of ethanol for tractors, .farm 
trucKs, ^nd irrigation pumps would help ensure future Jood sup- 
plies when oil supplies begin to dwindle. Such an emphasis would be 
a major step toward the creation of a sustainable Food production 
system and of a sustainable society. 

J— ^ . 

ChoMing Food qr Fuel 

Turning to energy crops as a source of automotive fuel opens a new 
chapter in the hiktory of human efforts f6 achieve an adequate food 
supply, For the first time since agriculture began, the worfd is faced 



with a potentially massive diversion of agricultural resources to the 
production of nonfood crops. Unfortunately, this is beginning to 
happen at a lime when efforts to expaod world food output are losing 
momentum, when food prices are rising, and when malnutrition is 
increasing. 

Whether the use of cropland to produce fuel for automobiles can be 
justified is a complex issue, one that political leaders will be wrestling, 
with for years to come. Of the many considerations, the mo.st critical 
one may oe the difference between the percttved national interest in 
energy crops \^f food-surplus countries and that of food-deficit 
countries. 

The attractions of alcohol fuel are clear, for countries buffeted by 
soaring oil prices and possible supply disruptions, the prospect of 
an easily availal>le substitute for some of the imported oil is an in- 
viting one. Although the world's oil reserves are^ concentrated in a 
handful of countries,TRKpotential for prociucing energy crops is as 
widely diffused as agriculture itself. 

There are also some solidlen>^ronmental reasons to support alcohol 
fuel; itjs clean-burning When used alone and, when mixed with 

Sasoline, it can substitute fof lead as an octane booster. In contrast to 
le burning of petroleum, Pbuefied coaL or other automotive fuels 
of fossil origivv alcohol prodlrced from plant materiiils does not in- 
crease the amount of carbort dioxide in the atmosphere, unless of 
course it leads to an overall reduction in the plant material in the 
world. In addition, alcohol is a renewable resource, a potentially 
im"^Wtant component in^any effort to create a sustain^ible economy. 

Economically, the move toward alcohol fuel is< often justified by the 
additional employment it would create. Energy crops production 
and alcohol distillation are far more labor-intensive than are oil 
production and refining.. And because distilleries' are • dijjpersed 
throughout the countryside, close to their feedstock, supplies, they 
generate industrial as well as on-farm employment in^rural areaS' 
where unemploy*^ent is usually highest. Jobs created in the country- 



side of the Third World can also help slow the migration to the 
mushrooming s(.iuatter senlemenls thai surround so many cities. 

One inevitable consequence of energy crops programs will be a re- 
assessment of national population policies. As food-oxporting coun- 
tries, particularly the United States, attempt to increase automotive 
fuel self-sufficiency by converting exportable grain supplies into 
fuel food-deficit countries will be forced to become more self-suffi- 
cienl. In the scores of countries where rapid population growth has 
led to a greater dependence on U.S. food exports, the need to ac- 
celerate*- population education and family planning programs will'be 
brought into sharper focus. 

Programs to produce energy crops domestically have found a ready 
constituency. Distillers have an obvious interest, one that is certain to 
expand as the number of distilleries increases. For farmifrs, an auto- 
motive fuel industry based on agricultural commodities has a strong 
economic appeal. They see alcohol fuel as a way not only of expancT 
ing the market and boosting the price for their products but also, 
if they distill their own fuel, of becoming energy self-sufficient With- 
in the United States, members of Congresi;, from the Midwestern 
Corn Belt have been among the most active ^^upporters of the gasohol 
program. ^ ^* 

Alcohol fuel has a powerful political appeal to motorists who bear 
the brunt of rising* gasoline pric^es and wno feel vulnerable toi possible 
oil supply disruptions. The political influence of automobile owners 
in countries M intermediate stages of economic development, such as 
Brazil, should not be undere!»timated. The people who^own cars in 
thejt? i^ocleties 'are the urban elite who. also dominate the politi- 
cal power structure. As governments in the Third World consider 
diverting cropland to/the prcxluction of'fuel crops rather than food, 
those wno own automobiles may have a disproportionately large say 
in the matter, I 

These attractions of agriculturally derived ^cohol fuel must be set 
against its potential impact on world food prices. By far the most 
serious environmental impact of energy crops will be the additional 
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pres'isures ihey put on cropland. The doubling of world food output 
1/1 ^ver the past generation has led to the adoption of cropping prac- 
OO tices thai are resulting in (Excessive soil erosion. At least 6ne-fifth of 
the world's croplaad is now losing topsdil at a rate that is undermin- 
ing its productivity. With the demand for food projyected to double 
again over the next generation,' it will be difficult to lighten the de- 
mands on soils and to arrest their long-term deterioration. If, in 
addition, vast afeas ar'e planted to energy cr9ps, the problem will 
become even more unmanageable. - ^ ^ • 

As the number of distilleries multiplies, the prx)duction of energy 
ci^ops will expand until an economic equilibrium is reached between 
ihe price of agricultural commodities used as distillery feedstock and 
i> those used for food or feed. 11r\ the absence of any governmental 
limitations on the conversion of agricultural commodities into fuel, 
the price of oil could eventually set the price of food. 

The expanding production of fuel crops will underline the vast dis- 
P<^<M| in income wi^^hin arid among societies as perhaps nothing 
els«Hp ever done. Until recently, the average per capita claim ^ the 
eartHl food-producing resources has not usually; varied from the 
richest to the poorest countries by more than a factor of five to one. 
With the advent of energy crops, however, the ratio could increase 
dramatically. In effect, the use of energy crops to fUel automobiles 
permits the world's affluent to \expana greatly \heiv claim- on the 
world's cropland area. 

In the absence of govermiiental intervention to' restrict th^ conversion 
of foods,tuffs into fuelf affluent" motorists* will be able to bid food 
resources away from. the world's poor. As the price of oil rises, so will 
the profitability of producing agricultur^illy derived fuels. In the 
United States, which has 40 percent of the world's automobiles and 
which accounts for fully half of all the gasoline consumed in auto- 
mobiles, the political pressures to produce liquid fuels domestically 
will be Iparticularly strong,'^ The phased decontrol of oil prices in 
the United -States, scheduled to be completed by October 1981, will 
raise the domestic price of oij to the world level, whatever it i» at that 
time. By late 1981, when the price of gasoline will almost certainly be 
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limitations on the conversion of 
agricultural commodities into fuet 
the price of oil could set 
the price of food/' 



above $2 and may be closer to $3 a gallon, the prixluction of auto- 
motive fuels from agricultural commodities may be highly profitable ' _ 
even without government subsidies on gajjohol. ^ 37 

As the social cost of diverting a growing share of the world's food- 
producing resources to the production of automotive fuel becomes '[ 
eyident, so, too, may the need to reexamine existing transportation 
policies. The social consequences of tlirning to energy crops raise 
doubts about whether industrial Societies should continue to rely so 
heavily on cars and whether developing countries should attempt to 
make the automobile the centerpiece of tneir transportation systems. 

Where the goal is to reduce oil imports/ alternative measures to - 
achieve the same end deserve to be examined. Relatively modest 
Inriprovements in public transportation^ for e\fimple, could markedly 
reduce dependence oa automooiles iftnitban areas. Within the United 
States, such mod«i^>^easures as the banning of automatic transmis- 
sions in new automobiles, except those for the physically handi- 
capped, woOld save more fuel by the mid-eighties than the ambitious 
alcohol fuel program is expected to yield,** Such a step would ob- 
viously involve some "sacrifice" on the part of, drivers preferring 
automatic transmissions, but this should be weighed against the 
worldwide social co^ts of diverting food production resources to 
energy crops. ' , ' ' { 

The question is not whether ihere should be an alcohol fuel industry. 
Clearly, »there are many possibilities for converting agricultural wastes 
and other sources of plant materials itito automotive fuels that need 
to be urgently pursued. Over the longer term, a carefully designed al- 
cohol fuel program based on forest products and* cellulosic materials 
of agricultural origiti coi|ld become an important source of fuel, one 
that would not compete with food production. Liquid fuel from 
plants, whether in the form of alcohol or as direct hydrocarbon ex- 
tracts, is an energy soured that needs to be aggressively exploited \_ 
everywhere. At issue is whether governments can encourage the pro^^ 
duction of alcohol fuel without madvertently jaunchihg an industry"^ 
that competes^irectly with food production. 
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If the potentially adverse effects of current programs to produce fuel 
from crops are to be minimized, several steps must be taken imme- 
5 dialely. The governments launching these programs need to watn 
food-defit^i^ countries of the potential reduction in exportable food 
surpluses so that they can aajust their agricultural and population 

f policies accordingly- Secondly, the move toward^ energy crops rein- 
orces the need for ah ifvternationally coordinated i^ffort to arrest 
the excessive erosion of topsoiL Without such An initiative, the^ 
widespread planting of energy crops will accelerate the deterioration 
of the' world's cropland base. Where agricultural £u#Lprogranfis are 
launched, priority in the use of fuel should be given totractors and 
other farm uses over autompbiles.' And finally, [a global food-price 
nnonitoring system that would be sensitive to the impaci of alcohol 
^ fueJ programs is needed. Such a system is ipssential if political leaders 
are to assess the worldwide impact of National energy crops initiatives 
on food prices. 

Within the food-exporting countries, the short-run attractions of 
converting exportable food surpluse?> into alcohol fuel are undeniable. 
Whether the longer term political effects will be as attractive is less 
clear. In a world tnat no longer has any excess fpod production capac- 
ity, the decision to channel foi^xlstuffs into the production of auto- 
motive fuel will ^nevitably^ drive food prices upwards For the world's 
affluent, such rises in food prices may lead to belt tightening; but 
for the several hundred million who -are already spending most of 
tbeir meager incomes on food; continually rising food prices will 
further narrow the thin margin of survival. 
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